There is increasing concern that the media present conflicting health information on topics including cancer screening and nutrition. Although scholars have speculated that exposure to this information leads to increased public confusion, less trust in health recommendations, and less engagement in health behaviors, there is a lack of empirical research that directly addresses the role of media exposure to conflicting information. Using data from the Annenberg National Health Communication Survey, this study finds that exposure to conflicting information on the health benefits and risks of, for example, wine, fish, and coffee consumption is associated with confusion about what foods are best to eat and the belief that nutrition scientists keep changing their minds. There is evidence that these beliefs, in turn, may lead people to doubt nutrition and health recommendations more generally-including those that are not rife with contradictory information (e.g., fruit and vegetable consumption, exercise). The implications of these findings for healthy eating campaigns and interventions are discussed.
demonstrate the effects of contradictory message exposure will be undertaken in future research, whether through experimental or longitudinal observational work.
Evidence for contradictory health and nutrition messages
Although there are several ways in which we might conceptualize contradictory health messages, this study focuses on a specific definition: messages that offer information about a single behavior producing two distinct outcomes. For example, one day someone might see a news article summarizing recent research that found an association between red wine consumption (a single behavior) and improved heart health (outcome #1), but a few weeks later, he or she might see another article reporting that new research linked increased consumption of red wine and other alcohol to an increased risk of breast cancer (outcome #2). Someone who notices both messages might wonder if he or she should consume red wine and, if so, how much.
From a nutritional epidemiological standpoint, these messages might not be contradictory per se. For example, in the case of red wine and other alcohol, consumption legitimately could contribute to cardiovascular health, on the one hand, and increased risk of breast cancer on the other. Contradictory findings also might arise because distinct study designs can produce seemingly conflicting findings: a randomized controlled trial of beta carotene might reach different conclusions than earlier observational work. Alternatively, studies may vary in how they measure nutritional intake, and some may be more prone to measurement error. Because researchers and clinicians understand these plausible explanations and know that nutrition science is evolutionary (Goldberg & Sliwa, 2011) , they are well-equipped to negotiate seemingly conflicting results (Kushi, 1999; Taubes, 2007) . In contrast, the public may be less able to reconcile such findings, as many Americans lack a thorough understanding of scientific research (Miller, 2004) . In addition, news coverage of science and health often omits methodological and contextual information (e.g., Evans, Krippendorf, Yoon, Posluszny, & Thomas, 1990; Nelkin, 1995; Pellechia, 1997; Tankard & Ryan, 1974) . Such omissions may influence people's health cognitions (Jensen et al., 2011) , as well as their ability to make sense of conflicting study results.
Ultimately, then, it is important to understand whether the public notices contradictory health information in the media and, if so, how it responds to such content.
There is some evidence that these contradictory messages exist in the public information environment. For example, content analyses have identified contradictory information about cancer screening (Smith et al., 2010) and nutrition in the media (Greiner et al., 2010; Houn et al., 1995) . Survey studies have found that women perceive conflict and controversy surrounding mammography guidelines (Meissner et al., 2003; Rimer, Halabi, Strigo, Crawford, & Lipkus, 1999; Squiers et al., 2011; Taplin, Urban, Taylor, & Savarino, 1997) , while others have qualitatively explored public perceptions of contradictory nutrition messages (Basu & Hogard, 2008; Boyington, Schoster, Martin, Shreffler, & Callahan, 2009; Diekman & Malcolm, 2009; Dorey & McCool, 2009; Dye & Cason, 2005; Vardeman & Aldoory, 2008) . Importantly, however, none specifically assessed media exposure to such content. Only one recent study did so, in an effort to evaluate four potential measures of media exposure to contradictory nutrition information (Nagler & Hornik, 2012) . Another study considered potential outcomes of contradictory exposure-such as nutrition backlash, or "negative feelings about dietary recommendations"-without assessing exposure itself (Patterson, Satia, Kristal, Neuhouser, & Drewnowski, 2001, p. 38) . Given this dearth of research on contradictory exposure, the following research question is posed:
RQ1:
To what extent do people notice contradictory information about nutrition topics in the media (including television, radio, newspapers, magazines, and the Internet)?
Decision theory's concept of ambiguity
As previously noted, confusion is often assumed to be an outcome of exposure to contradictory information (American Dietetic Association, 2007; Drummond, 2006; Goldberg, 1992; Goldberg & Hellwig, 1997; Johnson-Taylor, Yaroch, Krebs-Smith, & Rodgers, 2007 ). Yet what theoretical support is there for this relationship? The concept of "ambiguity," as described by decision theorist Daniel Ellsberg (1961) , provides a foundation for the link between contradictory information exposure and confusion. Importantly, Ellsberg made a distinction between uncertainty about decisional outcomes (which characterizes all decisions involving risk) and "ambiguity," which refers to the quality of one's information regarding the likelihood of those outcomes. In other words, "[ambiguity] may be high…even where there is ample quantity of information, when there are questions of reliability and relevance of information, and particularly where there is conflicting opinion and evidence [emphasis in original]" (Ellsberg, 1961, p. 659) . The latter condition of conflicting opinion and evidence is particularly relevant to this study, and informs the following hypothesis:
H1: Exposure to contradictory nutrition messages will be positively associated with nutrition confusion, or perceived ambiguity about nutrition recommendations and research.
The decision theory concept of ambiguity has been applied in the health domain. In a set of studies, Han and colleagues explored the influence of perceived ambiguity about cancer prevention recommendations on other cancer-related perceptions and behaviors (Han, Kobrin, et al., 2007; Han, Moser, & Klein, 2006; Han, Moser, & Klein, 2007) . Consistent with decision theory research, Han et al. suggested that most people will be averse to ambiguity about cancer prevention recommendations and, importantly, "may manifest this ambiguity aversion through pessimistic interpretations about the preventability of cancer-that is, lower preventability beliefs" (Han, Moser, & Klein, 2006, p. 54) . As hypothesized, they found that people who reported greater perceived ambiguity about prevention recommendations reported lower preventability beliefs. By extension, the present study hypothesizes that people will be averse to ambiguity about nutrition recommendations, and thus may have lower or more negative beliefs regarding nutrition recommendations and research (defined as nutrition backlash). In other words, those who report greater confusion will be more likely to experience backlash: H2: Nutrition confusion will be positively associated with nutrition backlash.
As evident in H1 and H2, nutrition confusion may play a central role in linking exposure with backlash. If there is evidence that exposure is associated with confusion, and that confusion is associated with backlash (controlling for exposure), then the following research question will be considered: The fundamental concern is that those who report greater contradictory exposure to topics such as fish, wine, and coffee consumption will experience greater feelings of confusion and backlash-and that these beliefs, in turn, may lead people to doubt public health recommendations more generally, including those about which there is little contradictory information (e.g., fruit and vegetable consumption, exercise). What theoretical rationale is there to expect such carryover effects? There has not been much theorizing or research in this area, but the work that exists provides some support for this concern.
First, there has been attention to carryover effects in the marketing domain. One study considered whether an "irritation transfer" effect occurs in advertising (Fennis & Bakker, 2001 ).
The authors hypothesized that irritation elicited by disliked ads or a large number of ads would carry over to a subsequent unrelated neutral ad, and that this transfer would be particularly evident among high "need to evaluate" individuals (i.e., those who tend to engage in evaluative responding to products, future behaviors, etc.; Jarvis & Petty, 1996) . Fennis and Bakker's hypothesis was supported, and they suggested that such carryover effects may occur through excitation transfer. Excitation transfer theory predicts an enhanced emotional reaction to an emotion-arousing situation due to excitation that remains from a prior related or unrelated emotion-arousing situation (Zillman, 1983) . Thus the excitation-here, irritation-resulting from exposure to the first series of ads might transfer to the unrelated ad because, as Zillman has argued, such residual sympathetic excitation is presumed to be largely nonspecific.
Perhaps excitation transfer could underlie a carryover effect of exposure to contradictory information and its associated cognitions. Suppose the current study finds that contradictory exposure is associated with confusion and, indirectly, with backlash. If backlash reflects negative affect, then it is plausible that such negativity could extend to nutrition-related recommendations about which there is little conflict or controversy (e.g., fruit and vegetable consumption) and even health-related recommendations in general (e.g., exercise). Since the underlying argument in this study is that any effects that may exist would result from cumulative exposure to contradictory messages, there would be many opportunities for negative affect or backlash to occur and, perhaps, to build over time via priming (Roskos-Ewoldsen, Roskos-Ewoldsen, & Dillman Carpentier, 2009 ).
In addition, there is empirical data to suggest that cognitive outcomes of exposure could have carryover effects. Han and colleagues demonstrated that perceived ambiguity about cancer prevention recommendations was inversely associated with colon cancer screening and sunscreen use (Han, Moser, et al., 2007) , as well as decreased uptake of mammography over time (Han, Kobrin, et al., 2007) . Similarly, it is possible that people who exhibit greater nutrition confusion may be less likely to engage in recommended nutrition-related behaviors (e.g., fruit and vegetable consumption). Again this prediction is based on the notion that people are ambiguity averse: confusion may lower perceptions of the usefulness of recommended Contradictory nutrition messages 11 behaviors, and thus reduce interest in engaging in them. Moreover, Niederdeppe & Levy (2007) found that fatalistic beliefs about cancer prevention were negatively associated with prevention behaviors, including fruit and vegetable consumption and exercise. Conceptually speaking, cancer fatalism and nutrition backlash are similar: both capture negative feelings toward recommendations and research, the former regarding cancer prevention and the latter regarding nutrition-related behavior. Thus it might be expected that backlash will be negatively associated with intention to engage in recommended health behaviors. Ultimately, then, this set of empirical findings, coupled with a theoretical rationale for why we might expect carryover effects, leads to the following hypotheses:
H3: Nutrition confusion will be negatively associated with intentions to adhere to healthy lifestyle recommendations (e.g., fruit and vegetable consumption, exercise).
H4
: Nutrition backlash will be negatively associated with intentions to adhere to healthy lifestyle recommendations (e.g., fruit and vegetable consumption, exercise).
If analyses show that confusion is associated with backlash, and that backlash is associated with intentions to adhere to healthy lifestyle recommendations (controlling for confusion), then it will be important to assess whether part of confusion's association with intentions is carried indirectly through backlash: The February and March panel recruitment response rate was 20% and the survey completion rate was 59%.
Sample
A total of 631 adults participated in the survey. The sample was 56% female, with a mean age of 51 (SD = 16.5). Nine percent had less than a high school degree, 29% earned a high school degree or the equivalent, 29% had some college education, and 33% earned at least a Bachelor's degree. Just over 80% of respondents were Non-Hispanic White and 5% were NonHispanic Black; 7% were Hispanic. Sixty-one percent were married.
Measures
Media exposure to contradictory nutrition information. In a previous study, we developed a measure of media exposure to contradictory nutrition information; validity evidence has been presented elsewhere (Nagler & Hornik, 2012) . Participants were asked how much conflicting or contradictory information they heard from the media (including television, radio, newspapers, magazines, and the Internet) in the past year about the following nutrition topics: red wine or other alcohol, fish, coffee, and vitamins/supplements. These were selected because content analysis results have shown that there is substantial contradictory information about these topics in the media (Nagler, 2010) . The four topics were randomly ordered. Response options included "Not at all" (1), "A little" (2), "Some" (3), and "A lot" (4). The four individual measures were summed to create a combined exposure index (range = 4-16; M = 9.6; SD = 3.3).
A value of 4 reflected no reported exposure to contradictory information across topics. Values of 5 through 7 reflected "lower exposure" to contradictory information across topics, 8 through 11 reflected "medium exposure," and 12 through 16 reflected "higher exposure."
Nutrition confusion. Han and colleagues used a single item to capture perceived ambiguity about cancer prevention recommendations, but recognized that "the refinement of measures of perceived ambiguity is a critical task for future research" (Han, Kobrin, et al., 2007, p. 465) . Thus in an effort to move away from single-item measurement, respondents were asked to give their opinion about six statements: "It is not always clear to me what foods are best for me to eat," "I find nutrition recommendations to be confusing," "Nutrition research findings make sense to me," "I know what I should be eating to stay healthy," "I find nutrition research studies hard to follow," and "I understand scientists' recommendations about what foods I should eat." Response options ranged from "Strongly agree" (1) to "Strongly disagree" (5). The first, second, and fifth items were reverse-coded so that a higher score signified greater confusion.
Items were summed to create a confusion scale (range = 6-28; M = 16.4; SD = 3.8), which demonstrated good internal consistency (α = .77). A principal components factor analysis provided evidence of unidimensionality: although two components were extracted, the second had an Eigenvalue barely higher than 1.0, and it accounted for only 17.8% of the variance. As often occurs, the three reverse-coded items loaded on a separate factor.
Nutrition backlash. To assess feelings of backlash towards nutrition recommendations and research, respondents were asked to give their opinion about six statements: "I am tired of hearing about what foods I should or should not eat," "Scientific research provides good guidance about the best foods to eat," "The evidence about healthy food choices is growing," "Dietary recommendations should be taken with a grain of salt," "Scientists really don't know what foods are good for you," and "I pay attention to new research on food and nutrition."
Response options ranged from "Strongly agree" (1) to "Strongly disagree" (5). The first, fourth, and fifth items were reverse-coded so that a higher score signified greater nutrition backlash.
Items were summed to create a backlash scale (range = 6-30; M = 16.0; SD = 3.3), which demonstrated acceptable internal consistency (α = .71). There was also evidence of unidimensionality: again two components were extracted, but the second had an Eigenvalue barely higher than 1.0 and accounted for only 17.1% of the variance; the three reverse-coded items loaded on a separate factor. Items were adapted from an 11-item scale developed by Patterson and colleagues (2001; α = .72 ).
To assess whether confusion and backlash are distinct constructs, zero-order correlations were averaged across the confusion items and across the backlash items; the mean correlation for each set of items was compared to the average correlation across both sets of items. The mean correlation across the set of confusion and backlash items was positive (mean r = 0.23; 95% CI = 0.17-0.30) and significant (all correlations p < .05). However, the mean correlation within the set of confusion items was higher (mean r = 0.34; 95% CI = 0.25-0.42; all correlations p < .05), as was the mean correlation within the set of backlash items (mean r = 0.30; 95% CI = 0.22-0.38; all correlations p < .05). Thus there was some evidence for discriminant validity, but observed differences in correlations could have been chance differences, given overlap between the two within-items confidence intervals and the across-items confidence interval.
Intention to adhere to healthy lifestyle recommendations. Using a response scale from "Very unlikely" (1) to "Very likely" (5), respondents were asked to report their intentions to adhere to two healthy lifestyle recommendations, fruit and vegetable consumption and exercise.
Standard intentions measures were used as proxies for the specific recommendations: "How likely is it that you will have five or more servings of fruits and vegetables most days in the next year?" and "How likely is it that you will exercise at least three times in most weeks over the next year?" (M = 3.3; SD = 1.2 and M = 3.6; SD = 1.2, respectively).
Potential confounders. Multivariable models adjusted for several sociodemographic characteristics, including age, education, gender, and race/ethnicity. Another likely potential confounder was generalized mistrust. We could imagine that those who tend to be more mistrustful might tend to notice more contradictory information and also might experience greater backlash. Importantly, backlash-which is conceptualized as a psychological state (brought on by contradictory exposure and confusion)-should be distinguished from more generalized mistrust, which is conceptualized as an individual difference characteristic. A proxy measure of mistrust was developed using five institutional trust items from the General Social 
Analytic approach
Basic frequency analyses were used to calculate the percentage of respondents who reported exposure to contradictory nutrition information (RQ1). Zero-order correlations were used to estimate bivariate associations between central hypothesized constructs. Multivariable linear regression was used to estimate the associations between constructs, adjusting for sociodemographic characteristics and generalized mistrust (H1-H4 and RQ3). Since fewer than 15% of cases were missing across analyses, listwise deletion was used to deal with missing data.
Missing data were due to the number of refused on any given question.
To address the research questions on indirect effects (RQ2 and RQ4), the joint significance test was used. Compared with other methods for testing intervening variable effects (e.g., the causal steps approach popularized by Baron and Kenny (1986) ), the joint significance test provides the best balance of statistical power and Type I error (MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002) . It stipulates that if X is associated with M, and if M is associated with Y controlling for X, then there is evidence of an indirect effect. In other words, paths a and b, which comprise the intervening variable effect, are jointly significant. In contrast to the causal steps approach, the joint significance test does not require a significant total effect of X on Y-and thus is consistent with the more recent recommendation that researchers not require a significant total effect to proceed with tests of indirect effects (see Hayes, 2009 for a detailed discussion; MacKinnon, Krull, & Lockwood, 2000; Shrout & Bolger, 2002) . In addition, the significance of indirect effects was tested using Preacher and Hayes' bootstrapping methodology (2008) . This approach, which allows researchers to obtain bootstrapped standard error estimates and confidence intervals, is preferable to the Sobel test because it does not require a normal sampling distribution for the indirect effect (Preacher & Hayes, 2008; Shrout & Bolger, 2002) . All analyses were performed using PASW Statistics 18 (IBM SPSS Statistics, 2010).
Results

Reported exposure to contradictory nutrition information in the media
Respondents reported substantial media exposure to conflicting information about red wine or other alcohol, fish, coffee, and vitamins/supplements (Table 1) . Across nutrition topics, nearly three-quarters (71.8%) of respondents reported medium or higher levels of contradictory information exposure; only 10.4% reported no contradictory exposure.
[ Table 1 about here]
Associations between exposure and cognitive outcomes
As predicted in H1, exposure to contradictory nutrition information was positively associated with nutrition confusion (r = .10, p < .05). Table 2 shows that, even after adjusting for potential confounders, those who reported greater exposure also reported greater confusion.
Additionally, H2 was supported: those who reported greater confusion reported higher levels of backlash (r = .51, p < .001). Again, this association remained significant after adjusting for potential confounders. Importantly, generalized mistrust was positively and significantly associated with both confusion and backlash, but adjusting for mistrust did not eliminate the hypothesized relationships.
As evident in Table 2 , exposure was not directly associated with backlash. Despite the absence of a direct association-which is not required to test for indirect effects (Hayes, 2009)-there was evidence of a significant indirect path from exposure to backlash through confusion (Table 2) . As specified by the joint significance test, exposure (X) was significantly associated with confusion (M), and confusion (M) was significantly associated with backlash (Y), controlling for exposure (X) and covariates. Based on 5,000 bootstrap samples, the indirect effect of X on Y through M was not zero (95% bias-corrected bootstrap confidence interval = 0.0075-0.0871; point estimate = 0.0467). This analysis controlled for age, education, gender, race/ethnicity, and generalized mistrust.
[ Table 2 about here]
Associations between cognitive outcomes and behavioral intentions
The two cognitive outcomes of interest, confusion and backlash, were negatively associated with intentions to engage in prevention behaviors, thus providing support for H3 and H4. Specifically, confusion was associated with lower intentions to consume fruits and vegetables (r = -.22, p < .001) and to exercise (r = -.22, p < .001), as was backlash (r = -.21, p < .001 and r = -.28, p < .001, respectively). These associations remained significant in controlled analyses, although their magnitude was relatively small (Table 3) .
There also was evidence of significant paths from confusion to behavioral intentions through backlash. We have seen that confusion (X) was significantly associated with backlash (M; H2), and Table 3 shows that backlash (M) was associated with lower intentions to consume fruits and vegetables and to exercise (Y), controlling for confusion and covariates. Based on 5,000 bootstrap samples, the indirect effect on intention to consume fruits and vegetables was not zero (95% bias-corrected bootstrap confidence interval = -0.0335--0.0062; point estimate = -0.0196), nor was the indirect effect on intention to exercise (95% bias-corrected bootstrap confidence interval = -0.0516--0.0210; point estimate = -0.0358).
[ Table 3 about here]
Discussion
The goal of this study was to move beyond assumptions of media effects-which have been common among nutrition researchers and clinicians-and instead empirically assess whether exposure to contradictory nutrition messages in the public information environment may have important negative effects. This article makes a theoretical case for the hypothesized set of relationships by turning to the decision theory concept of ambiguity (Ellsberg, 1961) . Overall, results show that a majority of U.S. adults in this sample reported coming across conflicting information about nutrition topics in the media. Those who reported greater exposure to contradictory information also reported greater levels of nutrition confusion. In addition, greater confusion was associated with greater backlash, and there was evidence of a significant indirect path linking exposure to backlash through confusion. Lastly, confusion and backlash were negatively associated with intentions to engage in healthy lifestyle behaviors.
Taken together, this set of findings suggests that there may be important carryover effects of contradictory message exposure and its associated cognitions. Exposure to conflicting information on the health benefits and risks of, for example, wine, fish, and coffee consumption was associated with confusion about what foods are best to eat and the belief that nutrition scientists keep changing their minds. We found evidence that confusion and backlash beliefs, in turn, may lead people to doubt nutrition and health recommendations more generally-including those that are not surrounded by conflict and controversy (e.g., fruit and vegetable consumption, exercise). Crucially, then, natural media exposure to contradictory nutrition information has the potential to undermine the success of healthy eating campaigns and interventions. If people notice contradictory information about wine, fish, and other topics and, ultimately, begin to doubt nutrition research and recommendations, then they might be less receptive to subsequent nutrition and non-nutrition-related health campaign messages-perhaps even rejecting them altogether. That said, this study provides only initial support for this idea. While carryover effects could be explained by excitation transfer and priming of negative affect, greater theoretical and empirical attention to such effects is advised.
Several study limitations should be noted. The use of cross-sectional data prevents us from speaking to the causal direction of any associations found. Reverse causation is a possibility: those who have poor health behaviors (or poor behavioral intentions) could be rationalizing their behavior by blaming the media for containing contradictory information.
Although this pathway cannot be ruled out using the current data, this explanation is less likely than the pathways laid out here. A separate validity study (Nagler & Hornik, 2012) found evidence that people can distinguish between contradictory nutrition topics (e.g., red wine or other alcohol, fish) and those about which there is no conflicting information (e.g., mushrooms, poppy seeds). In other words, there was no evidence of a general tendency to report contradictions. If people were rationalizing their behavior, then it is unlikely that they would demonstrate such accuracy and discrimination in topic recall; rather, we would expect an overall tendency to report contradictions. Ultimately, establishing cross-sectional associations was an important first step, given the paucity of empirical work on contradictory health messages. This study's findings offer a foundation for future research focused on strengthening causal inference, whether through an experimental or longitudinal survey design.
In addition, analyses adjusted for several sociodemographic characteristics and generalized mistrust, but there may be other important unmeasured confounders. Although survey space constraints limited the number of potential covariates that could be assessed, one potential threat to inference was addressed: that greater exposure to health media accounts for the observed association between contradictory information exposure and confusion. In a post-hoc analysis (Appendix), the latter association remained significant even after adjusting for health media exposure, suggesting that the association is specific to contradictory information exposure.
Thus, although several recent studies found that general and/or health media exposure was linked to perceived ambiguity about cancer prevention recommendations (Han et al., 2009 ) and cancer fatalism (Lee & Niederdeppe, 2010; Niederdeppe, Fowler, Goldstein, & Pribble, 2010) , the current study suggests that contradictory exposure in particular may be a stronger predictor of such outcomes-a prediction that is consistent with Ellsberg's argument that ambiguity is likely when "available information is… highly conflicting" (1961, pp. 660-661) .
In sum, this study provides initial empirical support for the concern that exposure to contradictory health information may have adverse effects on cognitions and behaviors. In this way, it lays a foundation for the future study of contradictory messages in the health domain-an underexplored, but increasingly important, research arena. There are several key directions for future research. For example, the exposure measure did not distinguish among media sources.
These could be separated out in future studies, allowing researchers to identify specific sources that might be important vehicles of contradictory information (e.g., women's or health magazines, national news magazines such as Newsweek and Time, blogs, local television news, talk shows such as Oprah). In addition, the exposure measure could be adapted to study contradictory message exposure from medical (e.g., physicians, allied health professionals) and interpersonal sources (e.g., friends, family, co-workers). The relative contribution of media, medical, and interpersonal exposure to confusion, backlash, and behavioral intentions could be explored in future research. Exposure also could be tested in other health contexts-perhaps most notably, cancer screening, given the recent debates and subsequent media coverage surrounding mammography and prostate-specific antigen ( [read health information on the Internet when you were not trying to find out about a specific health concern] in the past 30 days?" Response options were "Not at all," "Less than once per week," "Once per week," and "A few times a week" (range = 1-4). An index of health media exposure was created by summing the five items (range = 5-20; M = 10.4; SD = 3.5). Model 1 = bivariate association of contradictory information exposure and confusion. Model 2 = association of contradictory information exposure and confusion, adjusting for health media exposure. Model 3 = association of contradictory information exposure and confusion, adjusting for health media exposure, age, education, gender, race/ethnicity, and generalized mistrust.
